Background: Tobacco use remains an international health problem with between 10% and 40% of adults currently using tobacco. Given the rising number of patients either awaiting or having received a kidney transplant and the absence of smoking cessation as the criterion for transplantation in guidelines, we explored the association between smoking status and clinical outcomes in kidney transplant recipients.
with marked increases in the risk of all cause and non-cardiovascular mortality as well as a 50% greater risk of graft loss when compared to non-smokers and those who have ceased to smoke. Current smoking was associated with 100% increase in hazard of noncardiovascular death, 50% increase in allograft failure and 60% increase in composite end-point of death or allograft failure. What is the meaning of these findings? These findings confirm prior, non-adjudicated observations and suggest that more emphasis should be placed on smoking cessation in kidney transplant recipients. Cessation of smoking is needed in kidney transplants recipients to preserve survival free of dialysis
Background
Chronic tobacco use is associated with suppression of immune recognition, stimulation of platelet activation and enhancement of vascular tone. Exposure to tobacco increases perioperative cardiovascular and pulmonary complications. It is currently accepted that transplant of lungs, heart or liver cannot be considered without smoking cessation. [1] [2] [3] [4] Guidelines for kidney transplantation, however, do not require smoking cessation despite the risk of neoplasia with immunosuppression. 5, 6 Reviews of dialysis populations demonstrate that the prevalence of current smoking exceeds 10% and is much higher in certain geographic areas. 7, 8 In the Folic Acid for Vascular Outcome Reduction in Transplant (FAVORIT) trial, which included stable kidney transplant recipients in Canada, the USA and Brazil and was one of the largest trials involving clinically stable kidney transplant recipients, we observed that 11% of patients continued to smoke. [9] [10] [11] Recent studies have suggested that smoking cessation may improve transplant allograft success. Accordingly, we explored whether smoking adversely effects both kidney transplant recipient and allograft survival after successful kidney transplantation. A secondary hypothesis was that the prevalence of smoking might have different impact on clinical outcomes in relation to the absence, or presence and type of diabetes.
Patients and methods
This is a post hoc analysis of the international FAVORIT trial. The FAVORIT enrolled 4110 transplant recipients who had received kidney allografts at least 6 months previously with stable graft function but elevated plasma homocysteine levels. Exclusion criteria included associated comorbidities that could be expected to limit survival (cancer, end-stage human immunodeficiency virus, hepatic pulmonary or cardiac disease) as well as recent (<3 months) cardiovascular and kidney events or surgical procedures. The completed study did not demonstrate a reduction in cardiovascular endpoints using a combination of vitamins B6, B12 and folic acid, compared to placebo. The complete methods and results of this trial are reported elsewhere. [9] [10] [11] Enrollment occurred at 27 clinical sites in Brazil, Canada and the USA between August 2002 and January 2007. All enrollees were between 35 and 75 years of age with elevated homocysteine levels (>11 mol/L for women, >12 mol/L for men). Follow-up contacts occurred every 6 months through January 31, 2010, to obtain study-related outcomes through June 24, 2009 . The trial received approval from the institutional review or ethics boards of all clinical sites. Written informed consent was obtained from all participants.
Participants self-identified as never having smoked, ever having smoked but quit and currently smoking. Other key baseline data included diabetes status defined by analysis of data including use of insulin before age 40. Prescription medications taken regularly during the previous month were recorded during participant interviews.
History of cardiovascular events included the following: myocardial infarction or coronary artery revascularization (i.e., coronary artery bypass surgery or angioplasty), stroke (thromboembolic or hemorrhagic), carotid arterial revascularization (endarterectomy or angioplasty), abdominal or thoracic aortic aneurysm repair, renal arterial revascularization (bypass surgery or angioplasty), lower extremity arterial revascularization (bypass surgery or angioplasty) or lower extremity amputation above the ankle.
Centrally adjudicated events were prespecified and included the following: all-cause mortality, cardiovascular mortality, non-cardiovascular mortality (pulmonary, malignancy, infection, trauma, surgery, suicide, renal, other) or cardiovascular morbid events (nonfatal myocardial infarction or stroke, carotid, peripheral vascular or coronary revascularization).
For purposes of this analysis, loss of allograft function or kidney failure during the follow-up is defined as retransplantation or return to dialysis.
Statistical analysis
Baseline data were summarized using either mean and SD or median and interquartile range for continuous variables and using count and percentage for categorical variables. Global tests of equality across smoking groups were conducted using analysis of variance, the Kruskal-Wallis test and Pearson's chi-squared test, respectively. Differences in risk for clinical outcomes associated with smoking status were assessed by Kaplan-Meier curves as well as unadjusted and adjusted Cox models. Adjusted models included age, race, sex, low-density lipoprotein, systolic blood pressure and chronic kidney disease class, and all Cox models were stratified by country (the USA, Canada, Brazil). These relationships were then tested with subgroups of patients according to their diabetes status, 
Clinical significance
• Exactly 4110 stable kidney allograft recipients were enrolled for an average of 4 years after successful surgery. Eleven percent were currently smoking, 39% were former smokers, 50% never smoked.
• Current smoking was associated with 100% increase in hazard of non-cardiovascular death, 50% increase in allograft failure and 60% increase in composite endpoint of death or allograft failure.
• Cessation of smoking is needed in kidney transplant recipients to preserve survival free of dialysis.
Results
For the 4110 stable kidney transplant recipients who were randomized in the FAVORIT trial, baseline data are shown in Table 1 . Current smoking, former smoking and never smoking were noted in 451 (10.9%), 1611 (39.2%) and 2048 (49.8%) patients, respectively. Body mass index was slightly lower and serum creatinine slightly higher in current smokers than in either nonsmokers or former smokers. Smokers were slightly younger than either nonsmokers or former smokers. Table 2 shows the mortality rates through the course of this study per 100 patient-years of follow-up. There were 493 deaths over a mean of 3.8 years of follow-up. Both current and prior smoking histories were associated with significantly increased all-cause mortality over the course of follow-up. Causes of death were predominantly non-cardiovascular, adjudicated by the clinical event committee as due to infection (n=113), malignancy (n=76), pulmonary (n=26), gastrointestinal (n=24), accident (n=15), renal (n=12), diabetes (n=1), unknown cause (n=17) or suicide (n=2) in origin. The incidence rates of central clinical event committee-adjudicated all-cause, cardiovascular, non-cardiovascular mortality, nonfatal cardiovascular events and kidney allograft failure (predefined as initiation of dialysis therapy or retransplantation) during study follow-up are also presented in Table 2 . 
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Although current smoking was not associated with a significant increase in cardiovascular death, it was associated with a statistically significant increase in cardiovascular events. Kidney allograft failure and the composite of allograft failure plus all-cause mortality were associated with current, but not former smoking. Current smoking significantly increased the risk of allograft failure during the study by 50% and the hazard of the composite end-point of either death or allograft failure by 60%, when compared either to nonsmoking or former smoking. Figure 1 illustrates the patient survival curves during FAVORIT and the impact of current smoking at baseline, when compared to former smoking and never smoking among all kidney transplant recipients ( Figure 1A ). It should be noted that whereas there is a difference in results between current, former and prior smokers in the nonliving donor recipients ( Figure 1B) , this was not demonstrated in the recipients of live-related donor allografts in whom statistically significant difference was not achieved ( Figure 1C ). Mortality is this overall study was predominantly from non-cardiovascular 
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Smoking: kidney transplant outcomes study. Decreased survival rates among current smokers were driven by an excess of infection-related deaths. We also noted that the hazard rate for diabetic patients suffering an infection-related death was much higher than that for nondiabetic immunosuppressed individuals. 21, 22 Our study adds to the scientific literature the observation that careful adjudication of events can discern that the effect of smoking on all-cause mortality of kidney transplant recipients is mediated by an excess of non-cardiovascular deaths (primarily infection related more than malignancy). Further analysis of the reasons for this excess mortality deserves additional study. In the meantime, aggressive collection of data from patients who are vaping or chronically smoking marijuana is needed. Insistence upon smoking cessation for preservation of graft function and patient survival appears appropriate.
Impact of smoking on solid organ transplantation has been studied for three decades. For kidney transplantation, definitions of outcomes have included hazard ratio for cardiovascular events associated with smoking 21, 22 and hazard ratios for cardiovascular mortality. [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] Two previous studies focused on the incidence of first cardiovascular events 32 or the number of cardiovascular events. 20 Each of these studies demonstrated significance in impact of smoking with hazard ratios all higher than 1.4. A single study of kidney transplantation did not demonstrate a statistically significant impact of smoking on cardiovascular health. 33 In this study of well-screened transplant recipients, we did find an increased hazard ratio for current smoking with regard to cardiovascular event. We did not find an increased hazard of cardiovascular death associated with current smoking.
For liver transplantation, one study demonstrated a significant impact of smoking on the incidence of cardiovascular events 16 and a single study demonstrated a significant impact of smoking on cardiovascular mortality. 17 A single study of liver transplantation did not demonstrate a statistically significant impact of smoking on cardiovascular health. 18 Our results are in agreement with the findings of others in that there is up to a twofold hazard of death associated with smoking. In addition, the hazard ratio reported for continued smoking upon allograft loss of function has been reported to range from 1.4 to 8.0. Most reports impute excess mortality to the effect of smoking on cardiovascular incidents; however, events are not centrally adjudicated and a large fraction of them are assessed as being of undetermined etiology. In addition, one analysis in the USA Renal Data System assigned a nonresponse to the question of smoking status to the nonsmoking group, rendering the information somewhat doubtful. 21, 22 causes, as has previously been reported. Figure 2 focuses on the effect of current and former smoking on graft survival rates (death censored). For the composite outcome of death or return to dialysis, there were significant differences among the three groups defined by smoking history irrespective of the source of the allograft. Table 3 shows the relationship between event rates and presence or type of diabetes based upon the absence or presence and the type of diabetes as well as the smoking history at entry into this study. Among both type 2 diabetic and nondiabetic kidney transplant recipients, current smoking was associated with an increased hazard of non-cardiovascular events to a greater degree than the history of never smoking. A statistical interaction with diabetes was not demonstrated. The number of type 1 diabetic patients in this study was likely too small to generate statistically significant differences in the context of this study.
Discussion
Multiple observational studies have demonstrated smokingrelated excess of cardiovascular nonfatal and fatal events in populations at relatively low risk. This risk increases in the presence of comorbidities that include organ damage (renal, cardiovascular, respiratory, neurologic), obesity, hyperlipidemia, diabetes and hypertension. In this post hoc analysis of the FAVORIT trial, which was designed to test the hypothesis that lowering homocysteine (a biomarker associated with excess cardiovascular risk) with folate and B12 would decrease cardiovascular events in kidney transplant recipients, we have attempted to decipher an effect of smoking.
Several studies have suggested an increased non-cardiovascular death rate in a transplant population well screened for cardiovascular risk factors. 12, 13 Such non-cardiovascular event reports include increased malignancy and increased infection-related complications/mortality. 14 The current FAVORIT study confirms reports for kidney transplant recipients and liver transplant recipients in two European and one North American center with >700 recipients. 15, [16] [17] [18] The cause of death for the majority of kidney transplant recipients is non-cardiovascular, due to extensive screening of recipients prior to surgery with cardiovascular events that are usually survived, as was observed in this study. 19, 20 The current study confirms prior observations of a statistically significant excess risk of (centrally adjudicated) cardiovascular events in current smokers when compared to nonsmokers in trial cohorts in three countries. Interestingly, deaths adjudicated as cardiovascular were not significantly increased among smokers compared to nonsmokers in our Table 3 Relationship between diabetes and smoking, number and % of participants with event and incidence rate per 100 pyr Efforts to reduce smoking in transplant populations may provide benefits unrelated to lowering of cardiovascular events. There are sufficient studies to suggest that phagocytosis of invading pathogens by macrophages and cellular signaling are interfered with at the alveolar level by cigarette smoking. 34 Studies to determine whether smoking depresses immunity further in the presence than in the absence of immunomodulators would be worthwhile. Long-term kidney transplant results may be improved by attention to smoking cessation.
Smoking contributes an excess risk of return to dialysis or retransplantation. Continued smoking in our patient cohort was associated with >100% increased risk of death and a 50% greater risk of graft loss, a risk not seen in our former smokers. Sufficient data regarding the relationship of smoking to allograft loss are not always included in recent reviews, 35, 36 and current guidelines do not consider current smoking a relative contraindication to kidney transplantation, though this restriction has been identified for transplant of liver, heart and lung. 19, 36 The continued expansion of dialysis to populations with a high prevalence of smoking may eventually require reconsideration of a proscription of smoking in potential transplant recipients.
Limitations
Nicotine levels were not measured. Smoking status was self-identified by enrollees at the baseline visit. Dosage of exposure cannot be measured as the duration and extent of tobacco use were not available. No meaningful observation can be made regarding the effects of second-hand smoke exposure or pollution on the results of this study.
The choice of the Americas, a region in which prevalence of smoking is somewhat less and prevalence of diabetes is somewhat higher than other geographic regions, may not reflect all transplant recipients worldwide. It is likely that worldwide prevalence of current smoking among kidney transplant recipients is understated. In the FAVORIT study, the default was to consider deaths to be from cardiovascular causes in case of any doubt. Thus, impact of non-cardiovascular causes may actually be understated. Despite concentration and overexpression of cardiovascular issues in this protocol, there were too few cardiovascular deaths to demonstrate an effect of smoking.
Generalization of our observed hazard ratios for noncardiovascular death and transplant graft failure to the overall transplant population may actually understate the impact of smoking in populations in which the prevalence of current cigarette use is higher. That said, we can conceive of no hypothesis to support a negative consequence of promoting smoking cessation with an aim toward improved transplant survival.
Conclusion
Among kidney transplant recipients, continuation of smoking was observed in 11% of patients in the international FAVORIT trial. We discerned an adverse relationship between both former smoking and continued smoking upon all-cause mortality in this population. Although there was an effect of smoking on cardiovascular event rate, fully two-thirds of kidney transplant patients died from causes not considered to be cardiovascular. Current smoking was associated with a 50% increase in the risk of allograft failure and a 60% increase in the risk of the composite of death and allograft failure. Given the adverse effects of this modifiable risk factor, current smoking should be considered a relative contraindication to the transplant of limited resourced organs.
